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Mxtwr of Mm CiPl vit^  KB -fttfimtt ©ki«igi In ^ tolai«it. MN» staiii 
n sltti3r &f tte lotte ilflflMlQft m$, ri^ irls a tslOiir' iwall 
of !«>««• m% IM« %%tim 9f isipmxtoiiifl^  10 Ix f^tMiM. fliit It of 
m sbort lal«r'fttaAlii> %•«!'•« Ihi Imvm miA f sitwiil. !«•• liRttlt «iA 
Mm t^m (39) nhsnMit tito !«••• liMite»st ia tbiil»«B» us 
iteirin? &t %lm Iswm tt&fl it sspiiiailM «iii llttt titia in mU 
imm ®f twi !•«»* Wm 3s9m ©f Ispta# MSmat^ 
12 
M I N N E S O T A  26 
O S C E O b A  C  K l  N  S O N  
28 
26 
;47l 
o 
TRAVERSE 
NO. 6  
P-e46 
TRAVERSE j  NO.7 
Sp-IU(Y ivr'^ '^ p j/A 
V ^ : /P-248 / 
b u £ n a  v i s t a  
p-241 \  
28 
figure 1. Location of Profiles Studied, fraverses lo. 6 and J, 
Drift Borders and the 26 and 2S inch Isoheyetes. 
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%mmwm it if tt  ^iasfets »4 l&t l&m* %Mm twm tfi!* 13® t« 
a^ mt f§ imlmn* •§«• M0Sf % ft* &t mmm»m l®» 6 «t It f*«» 
iili l.6@««|9»s ii»t iil» m 
V«ll traSMMl fl%t» 0m 3 U h ii«r« laMI «|L3. 
»m^m im tuitiTated fi«iis wm 9mKsA»i. 
M * ii^ @if « rtwtoir* 
MmiUm isten i® Ir tsue @f tli* ttail#®# It 
if« ft ipr plltt .fftmtiw##! af Iji ti» i©«i^  is tit 
IttWA liil fM» fll« wm ImmtiA Im «. xvral I'gri. #& » slupi 
M l^m te Hit sites* 
fmfil's iti©'irlf«t©i« St"® v^mmM I& iii« fft3.]yiiriyAg ««8tl0a# 
«r't iu»e9tiiiif «« mirn ilit»a.i^ &i# letiiMi* 
«r«im .HfflMit l<» aniee vten l&t -WKilMii «f 
@ell»i4i nrlUdlii It teluii of wcrfiai#. iit tM.« wmmm •llii 
teflsdft it m% IIm totSn^ts @f ttsntoMi !is«iwradi.»-
&f #il,2.ald8 %%% ffigf INl hsySSSB ftsvsMpiiSt &f Mffly 
Of &w hm m ©sitt iltllsiil.i' dU^^esriii tt* A «r 
S l^ fttttiu. m'iwl  ^ i»d 
«!•«». •!». aiil iarPiy ll««swA  ^ C l^l mi. m 'iailiifft 
%* %i* %9* %i Horlcott of maxirnn mcmaXe^im @f m» 
gaalc aatter aad l>ioIosioal i«st4iPl1  ^
aad in 8oae o«u»«a has ttie 
te&t of iaor^ lo o«lloidj|« 
fraa»itloa le 1 %at ntst llkt 4 
 ^ %&as 1# 
iSH Ir 'M* A. JiiMts©!, i* m& I* Itenittl. 
II 
l9 4 M mem liyic# i 11  ^Jk, 
Sorlson of B!aati«sa fteemaaXatio& #f 
dflil 0y nAxlMi 
Vl&Mlqr &v ttny@t«^e @f sen« tf 
eelor dietisietljr different ttm A or C et 
i|» 'l^ j fraaeitlott I# i tel »®» 1 lli» i# 
%l* %2 fransltioa to B tmt sort like C than 5* 
It lb« lifir @f fsnst ssleMiil. wNli^  
shows little sti^ a of wmth r^i&s «Koept ftfw 
lifl^ s rftiasllem In Gitrl9«m»te 
Parent aateriaX wMelai hats n&% ^ea 
of oarboaates and «bovs very eli^ t tlFl* 
dei^ e 0f 
Stratum U3aderl;fi&s the B boritOB lliitl li 
milike the par^ t ffiaterial from Ibt 
eoltm formed esd Is o&Usureeos. 
*##%* m%w til m®* 5» «»#• 
l^ a •isisfttf', ill#, 
Mmium W»^k • l»f tif a 
s-f 
10^ 13 
I3*li 
•%i 
•% 
Ajij. 
% 
Very dark browa (lira 2/2 »t«t) 
@3,1  ^ loMi flA# stimitar** 
Very dark ©Pif %»*« l^©ti 3/? iwiat) 
siliir tfiasr mA 'iim 
^Xoeigr etrmitefii m»m «»» ©«•%•. 
Mmmm -lun 
Dark r^owa (XOIS U/3 swtsl) sllty tlir 
ioittaif "wmj veak imdietlait ttimetttrii 
pia holes. 
S.«iie m m^m* 
Bark browa (iOlS 3/2 It imk 
yellowish browa (lOXH k/k aolst) iwni^  
silt lofSK; very weakly developed pis* 
satie structure; oaeetsioiiitl worst @imi%| 
plA holes* 
tl 
s'ttty*' uliiy '|6#btto,sus4|' 
Eorlss©» Ihtpth 
ssasl .ii»  ^
^31 
mkyio 35-39 
ipi%|.tt ., , Wu$$ 
w&tiMm 
»31 
»j8 
i m 
ilailax* 'ifti will lA4it 
Bark "btQwa (lOfR kfk moiti) 
silt wmk ]prlm«ti0 
^t£re; pin b&l«9. 
dark /elldvlflh hrovn (loib k/k siqisi^  
flit loasi; smondlMixy lia« eoserfttii^ i 
faiat mottlians pla hole*. 
. am* m 
Li^ t jre4ai«li T>rowa (2.5IR 6/U mol»|) 
il#! silt i#«ii| fftis# 0riir» srtt, aai 
itmmMmew ai4 
mmmm»§ mmm%imm% p%m imlm, 
sawi at #«?»• 
«U  ^ilar IsMttAin #'1^  ^  iii« It, fpi,' 
skdffisini fttltlvfttimi •!!«* 
btflb 
iM^Sk 
' t^ is 
ls.li 
gil-ti 
|l@r&i#iil 
•'Hi ' 
^3 
%• 
'ftiy- %ip#w .cum t/t tufr' 
@1.1^  J^ Mii ffii^ l.e fl&# g%si»» 
lattsf,' 
Very dark bro*» ClOTS 2/t aoi«t) gtXiy 
eXi^  loam; medl«i 8tru@tiiM. 
*#tr i«rfc (er«f lawii (ioa 3/2 naltt) 
giltjf @1  ^ |.@.iii|'' ikilliml gyn*«l.fiy styibsi-
%ur«. 
l^ k browa (107% u/3 aoiot) wlxtjr exu '^ 
weak ftubaasslar W,mW atruettarff 
ttmdlag toward prlteagtatiei ft& I^«s. 
'fiilXiir '«@ Almfm %&%' mm 
f ) .  
li 
iNiiv* silly tiif Um 
i^ ti-3% 
a "'o 
%l 
ifeylita «oyialh»l9:«y 
biyrk fgHminlh htmm iWiU kfk mi*%1 
slltjr elaar lean; rnty wmMSF iwtlefii 
HiloekT- slraeltirtti fto lidl«e. 
Yellowiah -bt&im (lOIB f/l i»lil) 
silt lesB; «ofl oleda wtoie^  WMk iiiHi 
flu h&lm; mm&mmtt mmtm* 
aoilltog of mtiy Clifl 6/1 ntlit) 
ftllovr ClOIS f/f 
§lalla«'m tMm tail silt l««i tmtwmi 
§»3sm'§m§^  fmmitll till «i  ^
IttH' »U.%W @lfir 'Umt P-2H5, leeatiom SS <joMi«r 3«t. t|, 
SImx ^NwiIFi p««ijr« sil« vki@h vsmi f&mm'ijt cnRillmlti. 
i-li 
i2.lf 
.iu2^5,5 l^ lf 
leriion 
% 
% 
% 
f»if ia»ie, l^ wn Clin t/t wiil) iilly 
#li^  Ssssit ippsBiMliflp' sliroittyhii 
at litinl* 
Tery dark gysgr t>rowa (10® |/t *©lil) 
h*8X  ^ sill Idiiii eoatlitfiAl# Hixliis 
with reiy dark (lOYB 2/f 
a«ditua graauler stroeturet ]M 3tol««* 
Bsrlc fir«r C'lWI .a»itl5 i»13e#4 
viH rns^ l #f Y«tjr Iburk larar 
"brom iXOtSL 5/S soisl)} btisy silt 
fin* to a»diitii a^iml-iir slfwttiirit oo-
oasioaal vora t«il« iM 
Bark brova (lOlB % f %  witl) silt ltffii| 
weakly d«relop»d iMtilm 0mA  ^tlnue* 
txo'*; @eea«idAftl «wni tault and flm 
h»lm* 
p-2^s if-^  im# m 
1$ 
Mmiir ehsf (g®a%tiia#A| 
bsblssr satel 
p-2^§.| s3*m 
W*2k§»$ 
>•2^1 
t?-3i 
31-3$ 
m*3$ 
39^^ 
hj^kf 
IbTiMm 
'e». 
"m 
aogfteltiy 
Bajrlc te««l ci©11 /^3 M:ls%) ill.l l®«Bt 
texy widfty siwl0ps4 yHyi.nn* 
ijloosgr 
Dark ytlltwIA !««& ?10I1 i©4ft) 
silt Imm ilnilai* to k@flS0» a1N»T«. 
Bark k f k  a® 1st) 
iUt l@'iili v««l% a«T^dffiA' 
l^ocky atjuetur#! mm#!"#*!# twaeialajy 
].'la« coaeretlo&g| it0fw mttleti 
fifi hoXm* 
3wmm. iWQ, f/| wiiit) tilt Umi mi. 
ilitil» t« ab@f# hi»W'i*m» 
f®|lowi8h (lOiE 3 f k  m U % )  tilt 
Um vith 
«a«8iv(»-Xllt# tlnaeturei ies^ aAafir S.ta« 
«0&eretliaii| pirn lielet. 
pw# «• ifclltfti 
§&mm i«t st imhm. 
mm stlty i.l.«r !««»• l®©«tl»ai Sf| i«i. t|, f|3», nkm, 
€ter9lii« strip sli»»i 
f-2hs»l 
cia^g) 
1*11 
f.a%s-.3 ajui^  
Horlsoa 
^11 f«*r tier 
•gegiftft n^y l^tiar' 
lirowm (101& 2/f mitt) slltr 
fins ;^ «na.air gtra@l£^e. 
f«iy 4«Pk l»wii (IfH t/l! a©ttt) wltii 
sixlttf @f ftiy iiaw gray 
fi0fr i/t »0ig't) •iitr einsr 
tfi gp*b®i3.sy #t'fii@twss ttohss'styi 
»©ti «ft4 fis ^ iei.. 
?«»3r 4®3Pk ®rif ClOfl |/t «©lst) 
fflixed vlth r e f f  tek lM»w» (WtSL 2f2 
ffioiat) sllt^  loii»{ ftM to «»4te 
iim%a&£^&3r itn@tar«! fiji luilee. 
m 
0alm •lllr 1#« Cc®all«a«4) 
aia^gy... cta®heg) 
f-g%6-i§ 
ik^m 
li»2t 
26-31 
f-t%6.g 31^35 
35-11 
3%^ 
% 
'%f 
^33 
*3®l 
8.»t «s ?-2l€-3. 
Teiy gTj^  Irarowa {WSM 3/2 moist) 
sixty olffit issbi' sm t^stttlajp 
•blocky itim-ftiar#! f4» li@l#i. 
Siflpfc %f®iim CWSt [^3 *©4sl) #tlly ©lay 
l&mt aMitm bloel^ mil i»» 
pia hoist* 
Ss*« m$ iB^Qre wi1&. !••§ w«H i0Wel&p0A 
elfttetetfal 
S«rk Cl0|i h/3 *«iil) I© 4a*le 
ftH@wlA %?0irm (WfS. moUt) ll#l 
liMy #1  ^l@iii| iwtltftft 
mmm mifo». 9I& 'hoS.§^ « 
0«« fti A%@ir@ falUil selliifig. 
ftopk Cieipl kf Z mln%) §11% 
%&mi fir«t»«al m%%li3st0 v«if if«aM|r 
''^ i& fcels'si i^ b«.ssl#etinhittb. 
«iJ.@«jreomt •«& at IS 
ialira. gilly el«sr l#©ft|i®ai Si ©®ra«r ine. 33, f55Si 13^ * 
0«lri#a slit.-
M»tUm »«flii 
»is» l&^ssl 
qu.6 
p-s%7-t 6-11 
Mhf^3 i'l-is 
Horizon 
hi 
atorpltiq3#ibr 
f«pr ««»: %tm& ClOtt t/t aoist) »lUr 
©li^  wjpy 'fla# jpr««lsr ilroitmr#, 
ftiy iark grsir ClSft 3 f l  a®i#t) aixed 
with vefir itttk gragr %r©«« tl-ott 3/2 
aoidt) j^ iable siilf @1.^  ii«tim 
to fla« 0emmls0 e%rmtmm, 
f»ff i«rk 3/1 molgt) «i3t«i 
wiife •ijii?ie ipfi^  (lora h f t  poist) 
s&i^  @llir }'@i3r| miilw ftfmi. 
tur#. 
ii 
filtr tiir 
mtUm 
i5»lf 
l9-n 
t|-g| 
i|-p 
f*2kp$ 12-36 
Eori«ea 
F.2^|.l© k2Jm. 
h% 
*21 
*52 
iO'r 
'm 
Wswimm. 
B«rk 1^^  (3.^  noti*) 
soae ffllxtag of fmy |3f^  C^Stt 1/1 
sol»t) silty &ls^  iewf ft« Iy9l«8| 
*«4ium t« itart® p'iBwda®' ®%fo«ter«, 
IMte !»»»«» Clil»- % f i  *i©lit) Xt0M 
siltsr ela:f ltiii| m&m tesSsmgs&aat 
stwto« with sltfw filflaisr enit ®» 
fla imXm*' ' 
m al9f« mmpt •ttattert mr* 
•%»!» C^WItS kf 2 !i@lst) 11^ % 
silt? clesy fise •wAji.tiiiB aiiibi*' 
angalar pi& 
holes. 
Bark jellovlsli ^ rowa (lOTB k/k mlB%) 
hts&vsr silt loan; veak m«dit»i 1»lfttlQr 
stn»:ta.re with vertieal eleavst#! mst 
pronomeed; ameroue pia holes* 
Iwrk y»ll#¥tsii li«a*a (lom k/k watit) 
silt l@mi wmMw fiat Milte 
tt3ru6tiir«| «@%tl«l, wttb 
imall i»«galar splotehe* @f dlivt 
tirowa (t^ ff k/k aoist){ awitwiut pla 
holes. 
Tellswltk %mm (WJ& 5/S mis^ ) «l*«t 
with ifl®teli«f #f gPiT C^Oli ®/i 
l0:ii^  $«l@tfwius tt(S«ir«ll #iiiltil tilli 
4w#l®pnt ftw gfsstolw ltvw» 
imttf aitMi'VOtts 
ialm tillr l®««li«iiM! asrtli f^t«t mm tail #f 
S«®,. lt» ffW, l^ t C®mty, ®alli*®t#i ®i|#. 
laritta. WotiMm 
i^ ssl 
•Qmf %1 
leriaea aoratleigr 
T«iy i«flc- 'btwft C10I1 t/2 »itt) «il%y 
«1^  Idaiil fia# gpawlat atfaetmr#. 
m 
fltlTa flltr loim 
iwlt®* 
4ssnsm«w 
i-is 
loriitft 
•jesiffliatlqa 
% 
f-f^ 3 12-16 
f^Sk$*3 
f*2k§»$ 
f.2 i^ 
iw2%s-f 
l«-2%g-u 
m^2k 
m^m-
^3t 
3s-36 
3&.^ ' 
%3 
%g 
ota 
lorlgem m&nSmh&m 
Imw i»k fft§^  %mm |/f •©tsl) 
aSuii with tiark %mm. (iMM. S/t 
mist) silty l@ani mite 0tmmXm 
Very t«iE' & f m  'frJFawit flOIS |/i 
with «0»t »|ii4iii: tf Te»y iio-k te@wa 
(lOtl 2/1 atur ®l«r 1®*! 
to ffld&liai •tf&flmt*. 
toowa ClGt» /^3 .fetafy till 
», wakly INrf»l©f«€ fiiMi %© 
strs6lwhi| fv* w©m 
@.«als ast flu lAlts.^  
laii: %tmin (lOTS %f3 sill l©«it 
fti7 tim 
©r«ii«l«r «traefar«| k&lm* 
iWft %f@im (lois k f 3  «©lst) I# iailE 
frif %»i*a uo|s it/2 «ht 1®«»| 
vioqr vftfileiy aeatoai mmlm 
Wsnlsw •tirm®taf«| fla h«le». 
htmm iim k/% wsial) 
slit leaaj *«akly dtfrolop«i %lmkf 
p-la kslet. 
fillwlih hvom, (lOfl 5/^  i»l«t) till 
1®#b| wb^kly diml#p#i> bsaisb yrassbdlsy 
»%wmUmi pttt, 
Sm as aboir« «i:eep% fm tMtt iMali 
eofioretlosi lt#l ©lliw 
0W (5T »ot8t) »®tfliass* 
i«t m ato®*# »mm  ^ ealeair-
lall %f@im clou' 5/^   ^
»f# tairi«®at#4 hh i^i 
1terl*«» ab©wj aaBg«»«»e @*iia^  »at%e|P 
(ion 3/1 %# a/2 »©iith see-
©tttey oonor«tl«3aHl* 
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aialjrai*. MtAMltal iiBia.ri®« *««i mad& &f «•«•#& ppi-
fil#s mim «» witlt so»t mililmU&m, MplU&%9 1$ 
i^i* Il7 •mmptm w&t@ IrealM vitti pmmziim %& rlA @ri«al.@ 
%h.m dt»:^ r8©i, w%%h istlia 'h»3Kiat%«ffc©g]^ tt. Sm^s wtr# 
shtkm mi «iA i§r iowi aa4 «ai« ap I© a telnwi of 9^  ailli-
littri urtll. 4tt%Ul«4 *•*©?•. fM. le§« thm iO md t »l<ifsa fyaetleat 
wwm «%lala«4  ^®«»pl4a« with m  ^nill.tlit#* fi^ W# *t a 10 e«iili»®t«r 
i^ tlk at tl» p'Sftr tl«« tol«rr«l C )^. f&e %hm 3& mUmm frmt» 
tt0» wm &Medmi w«t st6T$»g m a |©0 wi.sli tiiurt mi I&# 20 t© 5© 
friMstiQa 1^ tiff®r«ae«* S§ %& p irmtlm SmlmSm* lb» 
@f «ik9 tfiftttit la '!&« m ftt @dtiri»tio» wiw aaii 
afltr ti« »«. I® 2 aieroa trm-iim wm 
titesmittit tgr %he Itis S fmm tbe i@ss thm SO 
Statrtf^ o y^sg to wltM th® a#*lt®4 (tt) viw 
'msed i@ i«tt»ilae Ibe Itst %hm fttttlea. •Mflliis f&t 
tlm t fraett©]i ibt §mflm w«m mi * §0 Rillllller ali. 
fiat wm tr®atf®fr(iA %© « %«!« aaA &m%wifnmi, 
at .revolutiotts per mim%%» A 3 aiUliXllef fip«tte at a sMfllug' 
teplh 0t 2 wm fb@ of Ste®l« »d 
•C^A) wm msii t© th® tl*# pifiel fietied I® @M«ia 0.2 »lcir®a 
fi?!®%.l®a ms'tog p»r mimUt a tM l^las 4,@ft& of 2 e^ t't-
a«ti7t sad. taapefate*® of %li« m«ip«ft8i@a at t««tl.iag t^ t* Wo e&rrm" 
ttam wm aafia for i^ wfis la ttap«ratafe wbila fvatrlfo^^ag. fl^  tim &f 
ilm ®«ftt*tfaiiag. fiiriei wm imm lh« t.l»« lb® mi&r wm twaed ©a mUl It 
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,.-A. 
, sill , 
I#rlt#a l.h« P thm 2 %hm 0.2 
aim%®y Iwsfeet Mi®»a . miew&m «l®r©» alerts 
1 Q*k 0.iT 3i.l 33.1 
2 m 0.$l 3t.f 35.5 
5 g-.lf 0..5i 31.^  26.3 if.f 
5. 0,5s m4 26.1 33.8 
,i }s^m .©.91 .%.! g|,5 2i.2 
b.g^3 
1 0.7 O.f 26.2 31.6 
2 lao O.i 3i.0 ti.7 3^ .7 
10-13 0.6 37.5 26. f 35.0 n.i 
13«l| 0.5 3s.0 M.l 53.^  i7.2 
5 16-19 O.g %.u ZK% 31. H 1^1.6 
I 19-22 ^7.1 23.7 28.6 12.f 
7 22-2§ i.§ W.5 ai.i 27.9 13.8 
t 25-31  ^O.t 50.6 2^ .^  
9 31-35 0.6 5t.t 23.1 ' 2%.i 10.5 
10 35-39 o.Ji 57.f St. 9 19.2 5.0 
II }sM o.g 6§.t n.f 19.2 5.^ 
12 fa-50 0.7 §s.t tt.7 1®.^ 3.9 
1 0.7 3.0 gg.s 
f • 7-12 0.7 • 37.5 s3.2 
lf-l$ 0.§ 39j 23.5 
l^ g® Q , k  39.^  21.5 
1.2 39,« 2l.f 
glufg 1.0 %.s ts.,% 
7 1.14 iig,§ sS.g 
i i%.5o 1.0 i^ 3.T 27.1 
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Fi«p«eat im9 im& 
loristm iNifib Uminm m tikt 
laehiiB wh»%i» teil 
f.t%| 
I i-S A,i l,U 
8 fiwii aj# 1.16 
1 iu%$ 4 1.20 
i l5*lf m i,2h 
t %|i ®«t I. It 
f ji.lt B,| 1.0% 
i@ ^ 0.«f 
i e-i %, i.t% 
t 7»12 %a 1.3? 
1 la-iS 4® i,m 
i i6.» a;bt i.» 
5 s-ait b£i 
%.M 
ct£ i,..i& 
1,1 m^32 o;; 0.^  
8s8s 
ftiit m4. %km ham v^ rlikiai iitltitelitm vilk lmwm§tA 
flj« gets. tf timt l«r» %»«r tinn-MHir® 
In %Mm mU» tatltat# tfent ihm immUm of ®X.«<r tm(» imm m&m§ 
|©g»llttr* Iragr (i) Cf) tilAt ta «a#ir «f i©ti> 
mm% mSm praljri* la It* l@®s« @f e®ttfral Slilaois lltal 
tfefir® it a lap'tAtoiit @f *ia«pia.i *# f»»i !*«• Mliif ©f Isrsa, alm-
ttlioiii aai sat •«®®iitfRr ftoi mmtirntim 
««3^  Ml»tfalt i« tm 11^  mrtnm W mm fiartritWl® nffly 
8»4 l®»f«pater® i»i %h% pmmm% tf fttpwie watt#*' Cf). it atft®*® 
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figure H. BistriMtioE of Eree Itob. with Depth in Profiles 
along fraTerses lo. 6 and J. 
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rtptrl#! ft rnmimm ftxat'lsa ©f ©f l.OJ iitlll»fftin'ai#at« pm 10© 
ipfMt 0f mm iJpy «®il tm a sllt^  tls^  laM.. turcstiisilerf 
C )^ 15) CD *«t® ®f ttWBomiw flxatl@a ia #0ll.i 
mi isil mlmmmk*, tii&l® '10 stows IfcAt fhirt® %mm fiwi 
ll©@% m&. aaA lii® V%%nm wll ©f Miss«?i fix»i awseaina to %h® 
fsrtiat. ®# 1. It 2.5 aillttfaivaleBtf f«r #•««« ©# «©tl of m m&m% 
«ft®i ;l®  ^ 1© 8 of tfe« #a%l#a .|te ndit of Ih# 
»taii«s h«re i»4 §la,mhm* »*'lial, ©f sm^wAm fi*«tl@a it @f 
tfe# ftf 0 t@ 5 li0 ®p«B« ®f mil, 
fixftllta if iHMaim la s@lit I,@gtd«ll3r 'bt reiat«A to ilw 
«ii «Maa|g ®f »la#r«].i la toils w%Mk fix HMealw. AMItleaii^  
«mtat«a ftxail^ a w«i^  t»tt#4 om% U lav#sll|^ t« Vs.% |®##i%4Xlt,y 
©f @3i»riet«i'i«iaf tk« tyfts ©f elir «ta«ti^ i la soils ®a llit ©f 
fi*ati®a mi.m furiwf isattltoai. '?»© •teilt* Mo®#- mS. 
Slar-ta-A«, w%w  ^ tm fm%Mr slair m€ -•xli'wwt la i»ir«8 
«f w^miihmims ia tmm, ftai i#®% is a ife®ta»«(w»14toi sell aad 
a fsfy «»a^ iNiA gtll la §oap»li#a to th«t Ularlaia wMoh is 4#-
la !!• ®a msefm§ »f the Wmnm trlfl. solli 
•htmll. p«iflto a f«is:gt%ll4*7 fm- KmieMim la alatraleileal ®©«p>il-
%l©a, 
Stiflftfenri C 3^) ttial Iti® fiatailQa ©f petatslw ly lllllt mi. 
mealnQfllltatl# #«* %• |1, If aBwsalw mi pelatsliM flualloa 
a*# elainly t»lal«4, %hm lit i«t»imla«ll«a of igs«&al«B flxallta la vja-
rltmi f®llt atmlt %« « fmstim ®f tlff®fe.a«t» la p wi wall as alaBi-ja©#-
l#ia. (iia»ff@sltt®a. m ftfp'llia.1^  fl a» a ir«rli^ l« tmUwt •Am% 
fftkl« m 
vmSmt' ov«» arl«i @a&aimd«i' 
wim tmi&m XMftt of .l^ s^Alo» ©f i^  'Wmhrn  ^ l» ftf» toils taO, WLlttk 
Moist fixati@m ftarattea after »-pi» tiyj^  
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per M® @r«s of o-r»a dry sell ©r tlllt®. 
Moist ftXAtiffiB Tixation aftev 
l»]^ isoeca>i« VSh W 
aistiUaties vim Vftae^  disUIl&tioii wit^  
lOB Va&l EOH e i ^ t i i t r  
,||| (2) tJI c ^ j  ' (fe) to '  t i l  
3«.6 33.t 5.» lk,Q 
B s&turatloft S«).2 5 f . §  0 . ?  1.7 36.5 31.^  5.1 lk,0 
6 »  eataratios 39.7 p.$ 2.3 37.5 31.2 6.3 16,S 
ffst satver&tidm 3^.9 mA 1.3 3.0 3«-^  3%.^  ^ # 0  
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mma 
par 1M mH. m tll.l.t«« 
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ld§ of tail. a@ll mm wtaratwl iritt §A«im ttt ttAIn % 
lrat««m®rta mU» at& imiliii f'ttpm* 
llf«X|r. Wm m$X9 mmm wmimi. .@f «eihnwi. .isterali^ g •t#lati#a *j.tii 
1 '^ fltlcfl mA 0mmA l@ ta«t « m »»«& $mmwkm wm i«ft^  
m f3NPrit««3|r tmtllani* fta to «#!,»§ Iter®® 
itew ttst tkis *b@ws 'smj^ ttsas* flxss 
mMitimS: fixfttte amt is «im» 
|i» flui i^ :ii03iitt fixMl vtr* ftlwieii ^ iwi' fm Wm «ir@ 
mtl« 'm te timft #f m ftnttl of mrnmm  ^ifoe#-
flxii "|v@ %im» m wmh m %lm fM,B 90«a.A %e 
m 'fvlMMee of »ite lUlte in iM UmSf mil kI m^# Itexit it st ?«a3. 
pmi IM.S if tftti# aM. C^) mS, 
Sii«r«fi iM) ft. itit. I» p0tiuiflii» vim %M §#11. wm 1^ .14 
vm ii «Mf sMir «f tte i^ ll. 
wltlk fix&titw %im .l«y»sl fi»iti«ii. ««« 
§»€ m& ®i.| psr ipi j^ wri i* i&b «t tisitol* ip«-
fi«## viisMi# m9 libewt ff m %mm «» f®f th» 
'.Si&sSififll ®»iSSiBi XMiimi't IS' thft Giuift tls 
mtU wtl^  mA ito iryisif W ®jp 
sstiwstsiss' »fy 4*yfr*»c ogm'itt aa^n f^ii^ . fixftts#!! **.*. t;»t— 
lla*'iA t» ^Kbii,ll«n »lyitl.i« l« itel wfe«*» ita» idtl »®l. i«#» 
tfttawtlii* la^attfta ©#. '1  ^ geil 
l», • 'immmm la ffciaMaa fmm i.f I® %$ f«r 0em» &f 
ith* W^m90m ir mk nmikm 
HmMim vm l» l.f «t ®f aw '^w 
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•@il. if m imnmmt .1% ipd-rdtlir* pKiMSilitlilr  ^wai^ r 
tbi alap  ^it 
villi. 4>i#f9Aie't 1& %hw$9i pi85p#issss's M @2.1^  £@i8attos.s8A iKiinimai^  
ik }^ cl|)« 
0baal«'i^  tto afe yitiipi iljiirlr vtoim* :r»-
m%t@it «ii %«e« «atsyni,tlda inepiiwi wiik l^«ia«tt of Vm lotat* 
bms *«*^ *«»*» ©issltiei %« sm&wsiesi tdtal aitf®iaiii 
erp«t» «!«n«ii la$i<«fti« witl^  iM3r«fts«a i^Oamm «f  ^l#«8t« 
 ^fl»«««i#g 0f i0|4 f#i»£i.|i@A ift. IINnInb i^ ltt »|pii^  It %• vMltetiie^  
ef frlffiaxr sIMMridtt ii«mia,«tto& »f mrnttm 
ia»j lsv*l®iffliset &ty§j&^WPs  ^ a^miitttsse ^hi' if#&tlifiii?lbie af iw>|»ghrar 
nlmcTiiXe tuinltt In. sa laei>tas« is stiAsfatr tiigr m& f^m imm 
talld ]^il« •1%1-fta.liiiii i«ima.ts Is.. ^mmM, i6»ib%mf«%i@ft •»€ 
a@141>1^  flMi is@tt#ttl.stl@8 of @i^ |pyt9A@t fli-ift^ ; lUinNil^ 'fMtwIr of §@$l» 
•l:ra»tttir« la m imm&m la ikA §«&«#•» 
fy«««t tm l«Ja6 A«i«itr» ®Mis» 'fspqitti®## 0®fffflf «t ft tut# ta, Wm 
•sgm  ^ Ift tlia Iswef fiifl 9f «&« ii#lw» Hmhp* Ii littln* If 
mi^ m9 tm  ^ of wll&liii, fr«tt%i@a la ibt •ell* Imkill* 
,^ ted m€ It If •3^ .el«a tluit libit pcm^m sar immm. mm Ittptrls^  «i 
itVelopBittl IMi. mm»9 Mils t«alla@Hi». 
wimB  ^ s^wi&m if siltfc (jilt (if>» -stiti c l^) wia imiir 
Cif) <rttrl«ll«tti ii tell pr&ftrtlti avtoelftteA vllii. nlMftfes la 
lii«8i m$s0tmm t® i|ff®y«is«» la tht Igaflli ©f tli» ife# mff«f fatt- ©# 
Shs ^M>f|].i9 %ai. iwia wssthwlBs §**.€ t# vioflstSsitii la iNssnali 
»«t@i»|s  ^ mm lo l^ 'ts#a»tl@» .^lai l«#t» i^^ tlllta.: mt 9rel&%lif« 
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( 3 )  i r i i b  0 ,  
mi. t@ ®ia^ » <6) «.3jy •il.itfilWIt©* pa%%«w 
wim Ait^  witeli. ii jrt-fiiJ.* «f slii"' ntgpiilittt,. 
snsswisif 'slislte «a>4 sswslsstt (ssytesf* %!<«»% 4*1* 
0ftl®*|a iti f®:flk % ^ afcai ||} »»• awnM l^tgattm* fiwir 
«(»• mlli, sot* 10 ti* 9niil»«ms tt«ii tm «f@^« nir 
luift Umr pBmm% %m« «ftt«yr«tl#a @* |i, tm tTm imm fiwrl tf  ^A 
ig.telivm ^  tlA% 'SimltMii i@il« fotAtt 
iBftliHPlia. #« tt®* tor® »lpA«.®«at wmfs ©f tlir *4*MfaJL« wltt %1» ttos#^  
li^ t l|i» &f la. !ll#l ©f Ums laretsal Iteowltigi'' tf 
>pxiil«4w mil§ toif 'iNilt**! %i»l ©aly ®«»»0ia U all 
mtmistm sttl ia flm %lt#4 a»t I5f)i 
1, A d^k coXorea srarfae« horisea, 6 iaelies Mf* Im ttltiR* 
&e«8 ia Yir^n soll« vith Mmeell color vaXmtf In Hms) iii» 
ffl«diftte vieioity of lOIB 3/1, 3/2, ojr 2/2 wtes a»lst# Hwi 
content of ot^ie ear'bon in available amiymm of wral* 
tivattd raises froa at>out 0.5 pef eiat to I f«» 
Oeat* Orgn^ oarl^n ooatents deerea«« wi^ 
fai'%S)Sp.aitx^#Ki tatios of tb.# iirfa»« liotlJS<!>fMi me 
Miti^ XX 4 ^ Sfteroase graSnaXXsr vlfb AiflAt It ateiA 
1 %mm B h&timiu 
2m S a^oll ftloM of jmiXmridlL m 
^^•teiiialt, fro^imtXr mitXtt #x> iaii:pi«^ 
3« exelaaasii eott^eac contains R* uamal^ Im jMaXIftf 
aeomts %hm the ooialbleed Ca**^ aM Xo tetlsea hem 
y«t Ibeen found vhore the H* exceeded the e«liln«d a^tmle 
of the haees. AXiboi^  «aeh eoiXe ai#% It i» 
doubtful that a soil should he eonsideiwd a ^alirle soU. 
if the !• m^miM ttai total 
pH aeaear«ffie&te of ]^airie solle show a rsagi of ^.5 to f.i 
i» the tmrfaoe. 
K lotlso»» asre aol eiaxi^ gepofated Imt hanre diff^e %em» 
teri#'## ^ |*«fitlonal hottfoiw mm «,»tolly «»?«Pia. 
iishes th k^^  
s3 
ftort&ir' tlAle Ibat m 9^  lie sM* at tte %'km m» 
.^ irilB£ flrattat*, «;|H| @f glasr:.»l»«riil, m ftiti |»ismet 
or »f $k s@iui of Jllttt Wmure miMiAt i&-
flmm9 ibi ab.simt* ox* ftvtsiie# #f mmm t^im *9m @r Aep  ^ie 
tlsw lliM sasHi i|f wessBlu ftess# axe l>te# of tto nafwaS *8t«ifla3.e 
ft«»«itol3.1t|' ©f »• fw<»t nalarliA lai ltoi» W&t Vmn% m e^mm t®'il..t wlHi 
&W w|%k@U% A llbB# SSS'^ relstlSB @(I@!V IflSMS tiUI .fiy^  
.ftmiifltt m0»m& m iehmi. ir kaxtet cs i^* 
'qe ifcn ih.ft§it# ®f eh^ael^ wsstiss lls) settt «^4 (to) 
.^ tow tt« Nit'^ » Stt«tlfi#i «t i^ ilw liiiiAi mm f©»«rljr iio»* 
ilt«r«i t0 %« l&iratiMi «|y6»«li %@ i»iiiil«i l» ite '%wls«is» 01 ®f tim 
g@ll« Iiiirg@%lsft««l. im IM» itmir %« «l«i«lfM m lfw&swtt« 
JMrctet, aoils tMiti mmm @®iisiti#«i It  ^@lumi»s«»»ille« &t 
f^ mtsM i^misiiis m %lu  ^ TmS. m Ites as-ewtlatSum •©!» wltMa.tto 
s#lai* 
m^mw eiftgslfl^ alidm i« liittt|wiii«t« 1^  
•^ftl teli i?^mf nA the $mi»9 mi, Ite tiSI prefllA' iislw«t 
vMA MitiaicoJIi^ UM' fMpiiy .@m si@?t spgeifls %!>#& itettt' f&t IImi #^at 
a@il ff&v§» M llMi :i@IJlf iSflrftsllptM wir« ««A«r griuis imm. 
l#«8C. paumA ni),l«rliil. «& sl#tft»» It ti ^ UBnOr s«far«ti0& @f 
 ^inllg late f«alllt« &m %e s^ « m 9f @eS@? m &i 
4 te:rlJit&, I«i9@  ^niJMrsi&cr tf te tete sr iegrtt @f «ii«%its m 
ytf1.i«l»i l» !&• @«tor ®f ike 1 torSaesi. l®iriw«r,, Ik^ ap# ®*e Mif»rm&m 
ia isgtm @f l«r#ltpi«at loa U i^ iuiiatr ecmlt iir«%a^ 3^  
a®w#_ U8- ©filwiit iftf si^ «ittl9a ©f ttMi i@ll» lata fwilliti. 
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fs)' ' f i x  isbtoasw ia 'imb'ibsftitwbffli'^ 'wi# ***# 
vMtt #oii>«r«t U tite It gft tail* 
h'iald'll "itiitt %ltit sba hmh m&1ta8#3pirsi#lljt%6 sb4 
.)»?§. mil# ibts  ^ m® fatw«, 
cll <&e p*©fil»« fr»rjgr«# hi* 1 « «|sa l^l«lii««t«uiais« er 
ft igit li« prefiiet :itlti^ : ^ lr(ir«ri« *«• | 
ft lltteilhpMilMI*. 
i W f }  f h »  m i .  iwnpa iw-fll#ii l» hi# mtmMm 
iVAttt a#ll ^Bjpp *F*WF w^w 5ir' 
i s  
t.f'ntt&mil oxfss 
T, ti,. mS. 8eh«ild» ?. S. lostroaite ia lIVMr 
vigi0ii. lit 29^311. i9%l« 
2« MMmm, !• X« Mttmt tf utoroor^ rajaisots o& pem»ablXll^  #f i#tl 
pptl#aii& Soil Soleaae® 63:459-^ 50. S.S |^» 
iiits^ , I. A pedoXo e^ sttuiy #f ?f»ttl.ii s©tl«. 
soleme 6l»it2>.vf2. i9h6, 
f«pmle«llte Mid its reXatios to "bistite m %»«• 
' i&»rggf tiff^ mtial thtmii mtwm  ^
mA  ^ w«t®* <sim.%mt, Mla©yal« i^t 33f^ §»6Ti# 
5* ..« ©atiea la Milst 1. Aae^ alw fisstloa aA it® 
laliom t@ pelMsiw flxsttiexi «guI to of 
«i3ba3i£ft 3.^ 1* 
6* MmsM  ^ §• i* £4i1i@rmt©9^  auilteAs tf mil l&Tegtigiitio&« fertil* 
lllTf of A^o»oii^ « Iowa State Oolle^ * 3mw« 19^ 9* 
t, f. JL fiae*tl©tt @f fflmf'ttlm sa difftemltar #®» 
tmder isoist eoaditio&s i^e soils of seeiarid 3r«#»XMi* INili 
seimee 70:375-383. ^950. 
i* 1, H. 4 fMIr of sail t& II# Wm i^m 3^ «ts 
?«#eii &t U.limi9* stil mmw 
% » S>»' t?i#» #f itt elii^ pd* »®ili, Jwesriftiii Stetl 
Wmww mrn^umrn l«kll«ti» i6t7a-B* 1935. 
•: - Gli«®i«»2. «M 6littgi« la i«il. etSl«i't#i witli aft* 
fiselac Ai(ir«lepi«ft% ia Xlliwis w»U«, fail 'it'tei'# k'$t%*lK 
lf37. 
U* immiBk W# % '1^  mils ®f 'Jmrnm tm/A Agrte^ tiitiari^ . Isg i^witat St«tl®a 
^©©•lA W$pm% it. 3* 
12. i, B, ltel»i®t stiiii»f «a ^X#ar ®f s©rll^  
vm%mm low*# I®wa smnw lip®*! 
l|, 6f0l.tas» 0. I«» «f •*»# »f lit i»'l®iSl. 
mpubllemi 1«s. im* §%«%• §^u.§m- l*llhrai7t lpbt« 
1951. 
si 
iK f, at »» s. St, »# 
pL9%m%m9m mm$w* mmi^ m 
l§» ieifptf, i. Biitri^ tioa aad a&tur® ©f la a fiMSM. 
©f mfttWiAni ilu»# 
Mm* Sluts Mm* 1^ 1* 
IS# Heidteh, s,. f, A st«tr til @f 9mUm 
mm* 
If, Wm%mt 1# I^ gltoal prepertUf @# smi fratii# psilt ©f 
Xtva, Itepabli^ bei K.i. iUisis* lows 
Mmtt* i9^« 
IS« B&tltRi i» i* itodies of l0ess*d0ri^ «d soils la soutbsrestern Iowa. 
foil Sodiety of iiaefics Froceedia^g IStkzhmWjil, i9^7. 
9^* •; •> of fspi^ ie 8®il« i^ m 
io«  ^ia tomlteiislim Mvtam ibpdlliiritol 1%.!^  itotit* 
B%a,%9 OolXdgo Stlbrarjr, is«8. 19^* 
* Staftt®# of  ^ mi »^1««A olMO-i^ teftstlei «# « 
of 3.o«tiN>4!«rt<twl fnAHB of sottli^  
vm%&m s^wa. iou gn)@iiilr Mmhsm fmmmSJiMm 
m 3x0-3 .^ mi* 
tX« tttoft 1* of f^otX a«ei«t lups 
«f •d'lVi&iiilBC imMm* Mil wi|?i*39X» X#^ * 
&» fer# ®. t. ioi »^ 8ia,. #, i. »t IXXlii»t«» «i ^ §i-BXi»iiii 
tt Wrnstm 1&W6. rnmmf hfoirl 
ptus63* ipi. 
%mtmk % Ttoplbliiteid aasasoript. ef Sen* 
St«t« OdXX^i Jees. Iowa. X^HI, 
UK MafM, f. f.. Wm soils of t»» %i|»i 4%Xm of 
j^ ltaXIwwif Fart III. t« S, aip «^t'«t Xflf* 
a|« iiMiifti !• *• aaA i* i,  ^ itelX Wmrnf of fitly a^# 
iwrowi of i#iX», f• S, Upartfti®'! tf' AgrietiX'jNa'i* • 
si*. #. 0*, orsretrtett 1*« !• 1* l^ lassiiai fim-
lloft im toiXt l» x<^X«etalX« laid forms Im iriA*» 
%%»& to eiiesleaX rdftotloas l& th« soiX. SolX Seieaoo io«!&e^ 
of Merioa Procoodla^  X0s9M-.X0X. 
2|, 1, i. fIxatloa @# KMomta la stiX** of 4^^ 1«dLI«*ia 
9akui35. Wl% 
p 
ti* M* tto BriO^I#. teiia. 
imwrli'att.. itell swmf iflj. 
gf*. K*, Alj«i;aBaer, Z.. f., $»a&, It.i,. aad leed, y. X«^ 4« 
@f i^H. ipAlyeis for soil fertility is(r«ati|^ tloa8» 1« §• 
©f Agricultar# Cirovdar Ifo. 757. 19^7. 
I©, mttt f# i»lt«yi« of petaseitBft .Sb 
iilVii, «ill9.. lipaUishci ?h,B. tlMtlji. liNift Stttt® 
!»«§. 1950. 
3^* .. _ * 1?#t«ialwi *fi«©val fx@m |@wa s®tlg %• 0rei«tli@»» ssbI 
' jaro-ecdtire#. Sell S«l«saic« 72:107.1X7. l^S# 
|t* @«. 'I*, flliiiil# 'if I0VIU .|s« a&t ff* $• 
«# aprie'bltwi fiiiaptea i»»i72. l,fm» 
||. Mmhmt f. f* §<»«« e#afiteft%l@iiui 1% %im wm^mlm «# 
i% mUmi* §3il mmi%  ^tf 
JyB«rioa Pro««edimgt 8:391-595. ^9^. 
Smi%kt i. i. BfiiiaA i«>lli ®f !©*«• S&iw^ 
lew* ftcpwlaml Slstiea mA Wiriuijam of 
fell terr«|jr, "Smmm et Html itila «bA %rtei^ lwiil 
^(^L»e«rias, Wm &t 19^9. 
II*. late', I. ?. 4 ll€^«U (?) loe«8 s«etioa la w»i|«» Iai« 
MMmy df .ftktimiw frm««ilai^  36m%B3l, 
mi. mrmlm%im &t th« #aelal. trlff® 
' '::sf wttkir«st«3m lova m& aijfteebt «rta4. 
9f Ififit liilrisfirf It** 01^ , 
|§. aetelids, t. I. Proportlts asui .of ^ pate 
tmm StAlu @sU*ift Iii:teraX7» mm* %$§tm 
|7» i# 1. Illiaolf loess., lUtolt i^t«3.tefiaL li^®rlwa% 
ftatltil ialletia ^$0. 
3«. ,« Allidrir# t. E and f. f. fwrnme mlU ®f m 
^pii> hlssiimilff^  fallir. xi* 
f. I$7*a©$* I«it f0i4e. S<»e:l*%> of A^@atir. 19P> 
3% Si«ek«, f. ». fi# Itvaa teift %eM«r «f a«3rtlaf««l#f* 
0^rio«ia Jotufii# »f Sei«Be« 2^ 6 8706-7X3, Xf%7* 
aai' . ... * Mmim* 
fl 
kl, mil gfflrrtf stirff of fiaioilffi .Sellii. mA J^le^tef,tl, 
%9,gl4Mi«rt^  Stell 8anrif W, $• of 
iiigrictjlttire Ssadboolc Ho. IS. 1%X, 
SfiBifiard* Fotaasitni fixation i& soils s« affeetod. %9r of 
6li@r miagral.* iK>i«taro toMitlom, attt mmm%tAtim of otl^ ir 
i&m* WscmM.i@1md, ibtttle* tmm stat* m%x*ax7. 
Ifl?. 
1^* ; , * 3teall©s of potiuiiiw ta mil» mitr »lil fdjailtioifci. mA 
o« ts^ iag ia rtlatloa to t^ nt® of «liy mtmrkl^  Soil. S6tia®« 
Sooio^ of America Froooedlags X2il67-i71» 19^7. 
t, 9, «@A BsmftflilA* 1« @f sis* iiatrilutioii 
im. s^ritiii fsil 9mw  ^ Aisooiatios Mll«tl» 
5^, I. X. of iroa, m& titaiii'W  ^  ^
velO|R«a% of l@«tt8*tariir«4 soils. Pk*$, 
tteiis, toira SIftto Mbraz^ , Aaee. 
m. •fmm, 
fof latl fa t^lalts mAm pwrilr o#k%yifaptl 
Soil SoiiMft Sooi»ty of MmriMA fmemH&m 1|^ 7« 
7^, 'M«i#i, lu Mm -^ si&A olNwtoal p'ofefllos of m& 
fl«iNtt1koi«ii goll gorlos at folatoA to iyhiete«s« «& &t»» 
^sia, Imm stat* oolltip 
iil%f.t*5r,, jmi« 1^# 
mmw^mjriim wt(i8«e1»iia 
«»' sstl p f^il# iirrelopiwtt bioarita ia 
lowiu Soil asimmi ^oie^  of i»eri@A Broooodimes 
lhtgg7-.295. i9 .^ 
obai^  ®ite©a^ ]«^ te|E le^ fil# fo»ati®a o# 
' Ito a««rly Mflls i«r«lof®ft ftoa Biorto loois Im nmWi»-
laiTft* ioil SoiiMii lloel«^  of teotiea. fs^ «telUUipi 
I5t3^3m iso. 
*# mast of tk» iKiilg of thi ftetat 1. S. 
l^ oaa of Soils Bulletin 7^ . 1911* 
9i» Wilson, E. A*, Bieclbsft^  7. f. gnd BrowAini;, a, M, Soil profile 
asteritties in'rtiatioa to ^d l«f^  ttrifttsott. Soil 
3oi«mso Society of M&tiem Frooeodings 11:110*>118. l^ i^ . 
5& Woodmff, it. M« l*ia««r Ia mn&w m. & ivm-^  
tio& of aoil aoistttre.. Soil SeiM* Soelol^ ' of 
froetoiltegi Itfig-TO, ifjs. 
ft 
author it t. f» 
|li<>ii-l3ili.ji' % t f  gittmrnmajg 
iapesiii^ lta of 1  ^ai«»»@fif«« ito 
ii:t*lMiB Is 'isaeflfsss ifc*** si?sti%ffliS' iii' Z«BiiS6 ®stii 
i»t hm- Mp la «»fti^  m% mm  ^o# »• ia^ t-fnt®  ^
ilis^ i «iA of iiMi niposerlpt. 
